10/537 101 

Attorney Docket No.: 095309.56367US SUBSTITUTE SPECIFICATION 

Application No.: Not Yet Assigned 
(National Phase of International Appl. No.: 
PCT/EP2003/012302) 

TITLE OF THE INVENTION 

METHOD FOR THE AIR CONDITIONING OF A VEHICLE INTERIOR AS A 
FUNCTION OF INCIDENT SOLAR RADIATION 



[0001] This application claims priority to International Patent Application 
No PCT/EP2003/012302, filed November 5, 2003, designating the United States 
of America, and German Application DE 102 56 866.9 fifed on December 4, 2002, 
the entire disclosure of which is incorporated herein by reference. 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0002] The invention relates to a method for the air conditioning of a 

vehicle interior as a function of incident solar radiation. 

[0003] German patent document DE 40 24 431 Al discloses an air 
conditioning system with an incident solar radiation sensor arrangement having 
a plurality of sensor elements. In this case, first, the intensity and direction of 
the incident solar radiation are determined from the individual sensor output 
signals, after which these two variables serve for controlling an air conditioning 
system and further vehicle-side assemblies. 

[00041 Also in a circuit arrangement, known from German patent 
document DE43 05 446A1, which includes an incident solar radiation sensor 
arrangement having a plurality of sensor elements. The intensity and direction 
of the incident solar radiation are first determined from individual sensor 
element output signals, after which these two variables serve for controlling an 
air conditioning system and further vehicle-side assemblies. 

[00051 US Patent No.: 4,760,772 likewise discloses an air conditioning 
system with an incident solar radiation sensor arrangement having three sensor 
elements, of which one is assigned to the vehicle front region and the other two 
are assigned to the two vehicle side regions or alternatively having four sensor 
elements, of which one is assigned to the vehicle front region, one is assigned to 
the vehicle rear region and the other two are assigned to the two vehicle side 
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regions. In each case the intensity and direction of the incident solar radiation 
a^detanmnri from the sensor element ontput signals by means of a followmg 
omSr unit, so that the air conditioning capacity of the air condnromng 
system can be set differently for varions vehicle interior reg.ons by means of 
these two calculated variables. 

,00061 In U.S. Patent No, 5,186,682, as in U.S. Patent No, 4,760,772, the 
S from two lateral incident s ol ar radiation sensors of a common arr 
e nd ioning unit is evaluated in terms ef the intensity and direction of mcrdenc 
of the sunlight The single air conditioning controller unit then activates the 
exiX I: cond.tiomng ducts as a function of the determined intensity and 
direction of the incident solar radiation. 

[0007] Finally, German patent document DE 195 44 893 C2 
I conditioning system for the air conditioning of a vehicle interior as a function 
i^ent solar radiation, with at least two air conditioning ducts* — £ 
controllable air conditioning capacity for the air conditioning of afferent vehide 
interior regions, and with an incident solar radiation sensor arrangement having 
a plurality of sensor elements for detecting the incident solar radiation in 
diluent solid angle ranges. Each air conditioning duct is individual y .assigned 
its own sensor element of the incident solar radiation sensor arrangement and 

detects the incident solar radiation essentially with a restriction to hat sohd 
angle range which corresponds positienally to the velucle interior region air- 
onditioned by the respective air conditioning ducti The a. 
contreller unit assigned in each case sets the air conditioning apaatyof toe 
respective air conditioning duct as a function of the output signal from only 
assigned sensor element of the incident solar radiation sensor arrangement. 

.0008] Thus, by means of this prior art, an individual air conditioning of 
Lous regions of the vehicle interior as a function of incident solar radiation >s 
possible. 

[0009] However/the incident solar radiation sensor arrangement supplies 
nly the solar values of the individual zones and the average ^value of ^esa Jhe 
solar value of the individual zones is in this case used directly as a factor 
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characteristic curve for temperature or blower regulation as a function of the 
outside temperature. That is the blown-air temperature is lowered as a result of 
the Sun's influence or the blower level is raised. This does not allow for whether 
the Sun is high or low with respect to the vehicle. 

[0010] When the Sun is very high, all the values of the sensor elements of 
the incident solar radiation sensor arrangement have approximately the same 
value. Depending on the strength of the incident radiation, the values are hrgher 
or lower. In complete darkness, the sensor values indicate 0%, while, m the case 
of very strong incident solar radiation, the sensor values indicate a — oi 
126%. In the case of a very high solar load and when the Sun is very high, this 
means, for air conditioning regulation, that, although there is no undent solar 
radiation acting on the vehicle occupants since the incident solar radiation takes 
pl ace on the vehicle roof and not through a window into the mtenor m all the 
Lnes the blow-out temperature is lowered very sharply or the blower fraction 
increased very sharply as a result of the incident solar £ 
conditioning regulation, however, is faulty and is very uncomfortable for 
occupant/occupants. 

rOOlll The object of the present invention is, therefore, to develop the 
generic air conditioning system for the air conditioning of a vehicle interior as a 
Lction of incident solar radiation and a method for opera ring the ar 
conditioning system in such a way that the abovementioned aultya 
conditioning regulation which is very uncomfortable for the occupant/occupants 
is eliminated. 

[00121 As a result of the calculation of the steepness of the sunlight or of 
the laterally specific incident solar radiation, it is possible, during automatic 
blower operation, to react to and counteract in a more focused manner the 
influencing factors/disturbing variables acting on the vehicle from ™* 
as, for example, incident solar radiation from one side or steeply angkd sunhght. 
The occupants, by manual action, can set the blower even more individually to 
their requirements. A marked improvement in air conditioning comfort is 
thereby achieved for the individual seat positions. 

[0013] This and further objects, features and advantages of the present 
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invention become obvious for the following description of a preferred exemplary 
embodiment of the invention, in conjunction with the drawing in wluch: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The Figure shows an illustration of the sunlight steepness calculated 
Tclrding to the invention and of a factor, assigned to respective sunhght 
steepness, for varying the air conditioning regulataon. 

DETAILED DESCRIPTION OF THE INVENTION 

Soifl According to the invention, the steepness of the sunhght „ calculated 
5 U ,1 6 the various solar values of the individual zones. The calcula Km „ 
the sunlight steepness determines whether or not the incident solar rad.atmn „ 
Acting on the occupants. With the aid of the sunlight steepness, a correspond^ 
re t on factor is determined, by means of which a lughly accurate 
compensation of the blown-air temperature or of the blower nrcrease due to the 
incident solar radiation is possible. 

[0016] The method for calculating the sunlight steepness is « ed 
detail below. In this case, the explanation is made by the example of a four-zone 
^conditioning system, but may be applied likewise to other mulfczone a, 
conditioning systems with more or fewer zones. 

[0017] First, the incident solar radiation is detected in different solid angle 
ange using four sensor elements la to Id, for example of a four-quadran 
sen or The sensor elements are in this case arranged in such a way that, for 
sample, the first sensor element la detects the vehicle region at fi-ontngh , * 
second sensor element lb the vehicle region at front left, 
element 1c the vehicle region at rear right and the fourth sensor element Id the 
vehicle region at rear left and are assigned to corresponding a. —mng 
regions in the vehicle. 

[0018] Thereafter, taking into account output signals Al to A4 from the first to 
fourth sensor elements la to Id and an arithmetic average value * enutted by 
the solar sensor, a sunlight steepness S is calculated. 

[0019] This sunhght steepness S may be calculated, for example, according to 



4 



Attorney Docket No.: 095309.56367US SUBSTITUTE SPECIFICATION 

Application No.: Not Yet Assigned 
(National Phase of International Appl. No.: 
PCI 7EP2003/ 012302) 

, a - mi9 All + IA1 - A4I) / 2 * M / a, S being the 
the following formula: S - «| A2 - A3| + |Ai 

sunlight steepness, A2 the output signal from a second sensor element lb (FL) 
A3 the output signal from a third sensor element 1c <RR) Al the output sign 
from a first sensor element la (FR), A4 the output signal from a fourth sensor 
element Id (RL), M a multiplier and a the arithmetic average value of the 
output signals Al to A4 from the first to fourth sensor elements. 

[00201 The multiplier M amounts, for example, to 50 and is used in order to 
obtain a greater and therefore more easily illustratable value. The formula for 
steepness S is organised in such a way that 8b eeomes 
the higher, the lower the angle of the incident solar radiation is A Sun with 
tow afgle of incident radiation and with a high value of sunhght ste epnes 
mpinges upon more window areas and therefore requires more an- conditioning 
and th refore higher air conditioning. Furthermore, by the sunhgh, : steepnes 
being calculated according to the invention, it .s posstble to reduce the 
p obability of error, since, in the case of lower-angled incxdent radiation and 
therefore tower sensor output signals, the sunhght steepness becomes greater 
1™ Tdiffuse light, hazy weather and/or the brief effect of sunhght, and 
consequently minor errors cannot have such a great influence. 

[0021] Subsequently, with the aid of the calculated sunlight 
orrection factor K is determined which is applied to the an- condi ion ng 
ZTZ values, such as, for example, the blow-in temperature and/or the 
b oter power, which are calculated by the use of the sensor values, 
coi: ntiollly using a fonr-quadrant sensor, as a rule the blown tempera - 
being lowered and the blower power being raised. The F lg ure shows the profile of 
a correction factor K of this type in relation to the sunhght steepness S 
calculated by means of the formula according to the invent™. The profile of the 
orrection factor K is in this case vehicle-dependent and design-dependent sxnce, 
for example, influences of varying magnitude occur on the occupants m the case 
of window areas or window tilts of different size. 

[00221 It is evident from the Figure that, below a first threshold value SI of 
he sunlight steepness, for example 10, a constant low connection factor, <M» 
he example, is used, since incident solar radiation is very steep from above here 

but Z signifi ant changes do not lead to any appreciable changes in the influence 
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on the occupants. Consequently, to improve comfort, conventionally calculated 
rationing regulation values are multiplied by the correct, n toH» 
order to substantially reduce the air conditioning variance due to the incident 

o : rtd l ion, since, because of the high steepness, --ly any .nfluence „ 
rJerted on the occupants. Likewise, in a range above a second threshold value 82 
of the sunlight steepness, for example 40, the correction factor selected is once 
agl eonlnt, since, with the very low-angle incident solar radiation on which 

hTsunlight steepness is based, only insignificant changes in ^the angle 

Q „A tWefore require no further adaptation ot the air 

f v, vo C V,nl A value S2, the correction factor K is set at 1 auu 

" I*. Calculated, using the values of the ™ 
used unchanged. In the range between these two threshold values SI and S2, for 
example, a linear correction factor profile may be employed, as shown in the 
Figure. 

,00231 Moreover, an adverse influence of cornerings on the air conditioning 
Satio^ > avoided by the sunlight steepness being determined accords to 
the invention. 

100241 In summary, the present invention discloses a method for the air 

^"de^dCnsor elements assigned to the various air condoning 
ronest the vehicle and is used for regulating the air condition.* ; capacity In 
o de o avoid faulty regulation due to a detected incident solar rad.at.on which 
dots !ot nflnence or only slightly influences the passengers because of 
Perpendicular incident radiation, for example, on the roof, the hood and the 
3 Ud h incident radiation direction is determined by means of a sensor 
, i \r,A the regulation of the air conditioning capacity is adapted 
"onlgly" ZL situation of too intensive cooling, for example in the 
case of perpendicular radiation on the vehicle roof, is avoided. 
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